Introduction {#Sec1}
============

Inflammation in the central nervous system (CNS) can occur by multiple mechanisms including cytokine-mediated inflammation, antibody-mediated demyelination, immune cell infiltration, mass-like formation, granulomatous inflammation, T cell-mediated cytotoxic injury, and vasculitic inflammation \[[@CR1]\]. While there are a number of autoimmune inflammatory diseases which are largely restricted to the CNS, many under recognized systemic diseases also lead to inflammatory presentations. Early identification of the underlying etiology of neurological disease is essential as unchecked inflammation can cause severe neurological disability or even death. Furthermore, proper diagnosis can facilitate a therapeutic approach targeting disease specific mechanisms.

In this review, we report on treatment recommendations for four classes of CNS inflammation resulting from systemic disease: (1) rheumatologic diseases with CNS involvement, (2) inflammatory adverse effects of common pharmacological therapies, (3) postviral inflammatory syndromes, and (4) autoimmune diseases resulting from immunodeficiency syndromes.

Notably, autoimmunity in the setting of immunodeficiency is an area of emerging diagnostic and therapeutic value. Genetically identified disease mechanisms drive targeted immunotherapy which may translate into future treatment for other disorders. Given the vast number of inflammatory mechanisms, we have had to restrict the scope of our manuscript and treatment for inflammation secondary to infectious, neoplastic, or proliferative diseases will not be covered.

Inflammation of the Central Nervous System from Rheumatologic Disorders {#Sec2}
=======================================================================

Sjogren's Syndrome {#Sec3}
------------------

Sjogren's syndrome (SS) is an autoimmune disease which manifests as lymphocytic and plasmacytic infiltration into exocrine glands \[[@CR2]•, [@CR3]\]. The CNS is involved in \~ 6% of SS patients and neurologic symptoms precede systemic symptoms in over half of cases \[[@CR4],[@CR5]\]. Typically, CNS involvement manifests as multiple sclerosis (MS)-like lesions in the brain, longitudinally extensive transverse myelitis (LETM), cranial neuropathies, vasculitis, aseptic meningitis, encephalitis, and cerebellar ataxia \[[@CR3],[@CR4],[@CR6],[@CR7]\]. Notably, while patients may meet criteria for SS, it is essential to test for aquaporin-4 IgG and myelin oligodendrocyte glycoprotein (MOG) IgG as CNS involvement in SS is often related to concurrent neuromyelitis optica spectrum disorder (NMOSD) \[[@CR7],[@CR8]\].

The evidence for treatment of CNS disease in SS is limited and should be tailored to disease severity as defined by the EULAR (European League Against Rheumatism) Sjogren's syndrome disease activity index (ESSDAI) \[[@CR1],[@CR9]•,[@CR10]\]. Typical first-line therapy for severe inflammatory presentation includes high-dose intravenous methylprednisolone, 1000 mg daily for 3--5 days, followed by a course of oral prednisone, 0.5--1 mg/kg/day tapered over weeks to months \[[@CR1],[@CR4],[@CR11]\]. Plasmapheresis (PLEX) combined with steroids may be an effective approach for LETM and also represents rational empiric therapy given NMO overlap potential \[[@CR12]\]. The 2020 EULAR SS guideline recommends cyclophosphamide and PLEX+rituximab as second-line and third-line therapy, respectively, for severe CNS involvement but breakthrough disease is common (level IV) \[[@CR11]\]. Notably, however, for MS-like presentations, MS disease-modifying therapy should be employed (level V) \[[@CR9]•\].

Systemic Lupus Erythematosus {#Sec4}
----------------------------

Systemic lupus erythematosus (SLE) is a connective tissue disease characterized by multiorgan inflammation \[[@CR2]•,[@CR3],[@CR13]\]. Neuropsychiatric SLE (NPSLE) may occur in up to 40% of SLE patients \[[@CR14]\]. Inflammatory disease specifically may manifest as a demyelinating disease similar to MS or NMOSD with cerebral and cord lesions or pachymeningitis, although clinically patients may present with psychosis, seizures, or encephalopathy \[[@CR15],[@CR16]\]. Patients may also suffer strokes in the presence of antiphospholipid (APL) antibodies \[[@CR1],[@CR15]--[@CR18]\]. CSF shows lymphocytic or polymorphonuclear pleocytosis without oligoclonal bands \[[@CR15]\].

Inflammatory disease treatment is tailored to disease severity and managed with steroids and immunosuppression, whereas vascular manifestations are treated with anticoagulation/anti-thrombotics. Notably, the two processes may be difficult to distinguish and may even coexist in a single patient. Hydroxychloroquine is appropriate for all patients with SLE, not to exceed 5 mg/kg/day (grade A) \[[@CR19]•\]. For patients with severe CNS disease e.g. cerebritis or myelitis, treatment with IV steroids is first line, e.g., methylprednisolone 1000 mg for 3 days followed by oral steroids, such as prednisone 1 mg/kg/day (grade A) \[[@CR19]•\].

Induction with pulse cyclophosphamide for 3--6 months in severe disease has shown long-term efficacy and safety (grade C) \[[@CR16],[@CR19]•,[@CR20]\]. For maintenance, azathioprine and mycophenolate mofetil can be used after induction to taper steroids to the lowest tolerated level, continuing treatment for \> 12 months minimum to prevent relapse (Grade C) \[[@CR16],[@CR19]•,[@CR20]\]. Rituximab is recommended for disease breakthrough activity, although in our center, it is used for maintenance as well \[[@CR19]•\]. Breakthrough disease may also respond to IVIG or PLEX \[[@CR1],[@CR16],[@CR20]\]. Notably, for moderate SLE, belimumab, a monoclonal antibody that reacts with B cell-activating factor or BAFF, shows promising disease response, although patients with severe NPSLE were excluded from these studies (grade A) \[[@CR16]\].

In SLE with APL antibodies, there is no evidence for primary stroke prevention \[[@CR15]\]. However, if CNS injury is favored to be ischemic, treatment for acute stroke is standard of care, tissue plasminogen activator (tPA), and/or thrombectomy \[[@CR19]•\]. For secondary stroke prevention, either aspirin or warfarin can be used, and novel oral anticoagulants can be considered if warfarin is contraindicated \[[@CR15],[@CR21]\]. Notably, for recurrent stroke without APL or vascular risk factors, immunosuppression may be warranted \[[@CR19]•\].

Behcet's Disease {#Sec5}
----------------

Behcet's disease (BD) is a multisystemic immune-mediated vasculitis characterized by recurrent mucocutaneous ulceration involving the mouth and genitals. BD impacts the CNS in 5--10% of cases \[[@CR1],[@CR2]•\]. Neurobehcet's (NBD) is divided into parenchymal and non-parenchymal (vascular) subtypes. The most common manifestation of parenchymal disease is meningoencephalitis presenting as headache, cognitive impairment, sensory and motor dysfunction, and/or psychosis \[[@CR2]•\]. Central venous sinus thrombosis (CVST) is the most frequent form of non-parenchymal disease; however, stroke due to arterial thrombosis or vasculitis also occur \[[@CR2]•,[@CR22]\]. Cerebrospinal fluid (CSF) studies initially show neutrophilic pleocytosis with potential shift to lymphocyte predominance with elevated protein, negative OCBs, and elevated IL-6 \[[@CR2]•,[@CR23]\].

For parenchymal disease, treatment with 1 g methylprednisolone for 5--7 days is first line, along with oral steroid taper (1 mg/kg/day) and an immunosuppressive agent \[[@CR24]\]. For moderate disease, azathioprine or mycophenolate mofetil are recommended \[[@CR24],[@CR25]\]. For severe parenchymal NBD, TNF-alpha antagonists, such as infliximab should be considered for first line and breakthrough disease (level III, grade C) \[[@CR24],[@CR25]\]. Given the finding of elevated CSF IL-6, tocilizumab has also been trialed and shown promising efficacy \[[@CR26]--[@CR28]\]. Cyclosporine should be avoided due to neurotoxicity \[[@CR22],[@CR24]\].

For non-parenchymal disease with CVST, first-line therapy is also high-dose steroids with an oral taper but further immunosuppression is not usually necessary as relapses are uncommon \[[@CR24]\]. Use of anticoagulation is debated given increased risk of bleeding, but a short course is advised (Grade C) \[[@CR22],[@CR25],[@CR26]\]. Recurrence of CVST is rare if systemic inflammation is well controlled, and accordingly, long-term anticoagulation is not indicated \[[@CR24],[@CR25]\]. Similarly, recurrence of dissection in the setting of vasculitis may be prevented with early pulse steroids \[[@CR29]\].

Rheumatoid Arthritis {#Sec6}
--------------------

Rheumatoid arthritis (RA) is an inflammatory disorder characterized by joint deformation, synovitis, and erosive arthritis \[[@CR2]•,[@CR3]\]. In RA, activated monocytes and lymphocytes infiltrate the joints, skin, eyes, lung, blood vessels, and even the nervous system \[[@CR30]\]. Compressive myelopathy is the most common CNS manifestation while leptomeningitis, encephalitis, and CNS vasculitis can also occur, albeit such brain involvement in RA is rare \[[@CR31],[@CR32]\]. Less than half of patients with CNS disease have active synovitis and 34% of patients had no history of RA prior to diagnosis \[[@CR33]\]. The most common brain MRI finding is nodular patchy or lepto-meningeal thickening and enhancement, and biopsy is the gold standard for diagnosis \[[@CR2]•,[@CR34]\].

Given that CNS disease in RA is relatively rare, evidence for therapy efficacy is limited to case series and expert opinion \[[@CR1],[@CR31]\]. Acute compressive myelopathy is most commonly treated with surgical intervention along with IV steroids \[[@CR1]\]. The recommended acute therapy for CNS vasculitis is high-dose IV steroids and cyclophosphamide \[[@CR1],[@CR35]--[@CR37]\]. For RA-associated leptomeningitis, steroids are the most common initial treatment, but roughly 50% of patients will not respond to steroids alone \[[@CR1],[@CR35],[@CR38]\]. Case studies support the use of either cyclophosphamide or rituximab \[[@CR38]\]. Anti-TNF agents should not be employed as they may be ineffective and increase CNS disease activity \[[@CR34]\]. Conclusive data is lacking regarding the efficacy of methotrexate for CNS involvement of RA \[[@CR2]•\]. As far as the consideration of maintenance therapy, it is important to note that the recurrence of RA meningitis is rare \[[@CR38]\]. In addition to disease-modifying therapy, there is evidence that the transient neurological deficits in RA meningoencephalitis should be treated with antiepileptic drugs (AEDs). Even episodes that are not clearly electroclinical seizures seem to respond to AED's \[[@CR34],[@CR39]\].

Neurosarcoidosis {#Sec7}
----------------

Sarcoidosis is an autoimmune disease associated with granulomatous inflammation that can present in almost any organ system \[[@CR2]•\]. While sarcoidosis affects the PNS more often, common CNS presentations include cranial neuropathies, headache, meningismus due to leptomeningeal infiltration, myelopathy, and seizures \[[@CR2]•\].

Evidence for treatment of neurosarcoidosis (NS) is based on cases series and expert opinion \[[@CR40]•, [@CR41]--[@CR43]\]. For mild presentations, oral prednisone, 1 mg/kg can be initiated with a slow taper over months. Steroid monotherapy fails in 80% of cases due to disease progression and/or toxicity \[[@CR40]•,[@CR41]\]. For severe disease, IV solumedrol 1000 mg daily for 3--5 days should be initiated, followed by oral taper 1 mg/kg over months to years with a steroid sparing agent (SSA). While methotrexate, azathioprine, mycophenolate mofetil, and cyclophosphamide are all used to wean steroids, methotrexate has shown to be more effective than mycophenolate mofetil at preventing relapses, along with a higher risk of side effects (class IV) \[[@CR40]•,[@CR42]\].

More recently, infliximab has emerged as an effective treatment for NS after a case series in patients treated with an additional SSA found that 77% of patients had clinical improvement and 28% of these patients had complete neurological recovery after treatment with infliximab (class IV) \[[@CR40]•\]. Infliximab or adalimumab may be used as an induction agent for severe disease in place of IV steroids, after IV steroids as a bridge to an alternative oral agent as a maintenance therapy itself.

ANCA-Associated Vasculitis {#Sec8}
--------------------------

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a class of small and medium vessel vasculitidies that affect multiple organ systems including the CNS \[[@CR44]•,[@CR45]\]. AAV includes granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA), and eosinophilic granulomatosis with polyangiitis (EGPA) \[[@CR44]•\]. AAV can cause CNS injury either through inflammation of the small and medium sized cerebral vessels or via extravascular granuloma formation \[[@CR44]•,[@CR45]\]. The most common CNS manifestation is hypertrophic pachymeningitis but posterior reversible encephalopathy syndrome (PRES), parenchymal mass lesions, and ischemic and hemorrhagic stroke can also occur \[[@CR44]•,[@CR45]\]. The ANCA immunoassay is highly specific in the appropriate clinical context but can be negative in up to half of patients with GPA and MPA \[[@CR44]•\]. Biopsy of meningeal and parenchymal tissue is the gold standard of diagnosis \[[@CR44]•,[@CR45]\]).

General guidelines for acute treatment of AAV depend on whether a clinical attack is considered "organ-threatening" \[[@CR44]•\]. CNS involvement generally constitutes classification as organ-threatening or severe and initial treatment includes a combination of high dose steroids and cyclophosphamide \[[@CR44]•,[@CR45]\]. Rituximab is equivalent to cyclophosphamide for acute treatment and superior as a maintenance therapy (level II) \[[@CR46]\]. However, some experts still recommend that rituximab should only be used as acute treatment if there is a contraindication to cyclophosphamide \[[@CR45]\]. Maintenance therapy for 2 years is recommended, and such regimen should include low-dose oral steroids and an immunosuppressive agent, e.g., rituximab, azathioprine (AZA), or mycophenolate mofetil \[[@CR44]•\]. For systemic AAV, AZA has been shown to be superior to MMF \[[@CR47]\]. Methotrexate, dosed at 0.3 mg/kg/day, is another option for maintenance \[[@CR45]\].

IgG4-Related Disease Hypertrophic Pachymeningitis and Spinal Cord Disease {#Sec9}
-------------------------------------------------------------------------

IgG4-related disease (IgG4-RD) manifests as plasma cell infiltration into almost any organ with histopathologic findings of lymphoplasmacytic infiltration and storiform fibrosis in the setting of a high ratio of IgG-4-positive plasma cells \[[@CR48]--[@CR50]\]. Systemically, patients present with diffuse masses or swelling in organs concerning for malignancy, but IgG4-RD hypertrophic pachymeningitis is characterized by the lack of other organ involvement \[[@CR50],[@CR51]\]. Patients may also demonstrate isolated or concomitant spinal cord disease, either masses, spinal dural enhancement, or transverse myelitis \[[@CR51],[@CR52]\]. CSF may show IgG4 10× normal level even though 56% of cases show normal serum IgG4 \[[@CR50]--[@CR52]\].

A treatment algorithm for isolated hypertrophic pachymeningeal disease has been proposed which begins with decompression of the inflammatory mass if there is adjacent structure compression \[[@CR51]\]. Intravenous solumedrol, 1000 mg daily for 3--5 days is recommended first line therapy followed by an oral taper of 1 mg/kg/day prednisone. If disease is mild, steroid monotherapy may be effective, but in general immunosuppressive therapy with azathioprine, mycophenolate mofetil or methotrexate are used without supporting evidence \[[@CR2]•\]. For severe neurological disease or neurological and systemic disease involvement, steroids with rituximab is recommended for induction and maintenance \[[@CR2]•,[@CR53]\]. If a patient relapses, intravenous or oral cyclophosphamide should be considered for induction \[[@CR51]\].

Inflammatory Disease in the CNS Secondary to Therapeutic Medications {#Sec10}
====================================================================

Immune Checkpoint Inhibitors: Immune-Related Adverse Effects {#Sec11}
------------------------------------------------------------

Immune checkpoint inhibitors (ICIs), most commonly those targeting cytotoxic T lymphocyte antigen-4 (CTLA-4) and programmed cell death 1 pathway (PD-1) or its ligand programmed cell death ligand 1 (PD-L1), are now used for a variety of cancer treatments including melanoma, lymphoma, renal cell carcinoma, and cancer of the bladder, liver, gastro-esophagus, lung and squamous cell cancer of the head and neck \[[@CR54]--[@CR58]\]. These immune checkpoints function to provide natural immune system homeostasis by inhibiting T cell activation. When blocked, increased immune system activity can result in a host of immune-related adverse events (irAEs) including inflammation in the central nervous system \[[@CR59]\]. Cases of neurological autoimmunity are estimated around 1%; however, those with personal history of autoimmune disease are at higher risk of developing side effects \[[@CR60],[@CR61]•\]. Symptoms usually start within weeks to months, but we have seen CNS presentations up to 2 years after treatment initiation.

The most common CNS irAEs are autoimmune encephalitis (AE) and meningitis, but posterior reversible encephalopathy syndrome (PRES), demyelination, exacerbation of MS, and even sarcoidosis have been reported \[[@CR61]•, [@CR62]--[@CR65]\]. Regarding AE, it may present alongside malignancies not commonly associated with spontaneous AE and most often no antibodies are found in serum or CSF. When neural auto-antibodies are identified, a patient's syndrome may follow the typical phenotype. Aseptic meningitis, most commonly associated with treatment after ipilimumab, an anti PD-1 ICI, may occur in as many as 0.1--0.2% of treated patients \[[@CR60],[@CR66]\].

Regarding treatment of ICI associated AE, while there are fatal cases in this complex patient population, it is most often exquisitely steroid sensitive. Initially, empiric treatment for infectious etiologies is appropriate, as AE is a diagnosis of exclusion and appropriate symptom management including seizure control is essential \[[@CR67]\].

For medically significant or life threatening irAE (grade 3 or 4), treatment with high-dose intravenous (IV) methylprednisolone is recommended for 3--5 days \[[@CR60],[@CR61]•,[@CR67]\]. Of note, there are no clinical studies regarding treatment recommendations and experts may disagree on duration of IV steroids and the need for additional prolonged immune suppression. If a patient improves, a prolonged 6--8-week oral steroid taper is recommended along with a year of immunosuppression. If there is limited or no clinical response, clinicians should consider plasma exchange, intravenous immunoglobulin (IVIg), cyclophosphamide, rituximab, azathioprine, or methotrexate \[[@CR60]\]. If these treatments do not lead to symptomatic improvement, anti-IL17 therapies, bortezomib, infliximab, tacrolimus, or mycophenolate mofetil can be considered \[[@CR60]\].

Natalizumab has also been published as an effective therapy in a patient with AE \[[@CR68]\]. Decreasing leukocyte crossing into the CNS is theorized to be an effective management strategy to allow for ICI to continue systemic effect while preventing access to the CNS.

If a patient's symptoms are milder, grade 1 or 2 irAE, oral steroids should again be considered 0.5--1 mg/kg for 7 days followed by observation or 6--8-week oral steroid taper. Most experts agree to discontinue an ICI if a moderate to severe grade 2--4 neurological irAE occurs; however, if an immune-related adverse event occurs with an ICI, it still may be safe to consider an alternative ICI if irAE was mild, grade 1 \[[@CR59]\].

Tumor Necrosis Factor-α Antagonist Demyelinating Disease {#Sec12}
--------------------------------------------------------

Tumor necrosis factor*-*α antagonists (anti-TNFs) are used by rheumatologists, gastroenterologists, and dermatologists for treatment of a broad array of systemic inflammatory diseases \[[@CR69],[@CR70]\]. A host of publications have documented CNS demyelination after anti-TNF treatment including optic neuritis, cerebral, and cord lesions \[[@CR71]\]. This may not have been surprising to some after an anti-TNF trial for multiple sclerosis was stopped early due to statistically significant increase in relapses possibly indicating a paradoxical proinflammatory effect \[[@CR72]\]. Symptoms can start as early as days after first infusion, and average onset between 5 and 18 months is reported in the literature \[[@CR70],[@CR73]\]. Patients may meet criteria for MS at onset of first clinical event (15--21%) or go on to meet criteria with continued monitoring (6%) \[[@CR70],[@CR71]\]. It is unknown whether anti-TNF therapy uncovers a latent predisposition for CNS demyelination, itself causes demyelination or perhaps a combination.

Regardless of the underlying etiology, 3--5 days of 1000 mg of intravenous methylprednisolone or oral equivalent is the first-line treatment \[[@CR71]\]. While anti-TNF therapy is almost uniformly discontinued after a demyelinating episode, a cautious risk/benefit discussion is warranted and decisions to discontinue therapy should be made on a case by case basis. Notably, rapidly emerging rheumatologic therapies have enlarged the therapeutic arsenal, enabling alternative therapies to be considered even in patients with previously refractory systemic disease.

Lastly, given known potential for further relapses even after anti-TNF discontinuation, patients should be clinically and radiographically monitored similar to a patient suffering idiopathic clinically isolated syndrome \[[@CR71]\]. Management with MS disease-modifying therapy may be appropriate in relapsing disease presentations.

Postviral Central Nervous System Inflammatory Disease {#Sec13}
=====================================================

Acute Disseminated Encephalomyelitis and Acute Hemorrhagic Leukoencephalomyelitis {#Sec14}
---------------------------------------------------------------------------------

Acute disseminated encephalomyelitis (ADEM) and its more severe variant acute hemorrhagic leukoencephalomyelitis (AHLE) aka acute necrotizing encephalopathy are monophasic inflammatory syndromes which cause severe injury to the brain and spinal cord. The central nervous system (CNS) inflammation most often occurs in a postinfectious or postvaccinial setting \[[@CR74],[@CR75]\]. Common preceding infections include measles, varicella, and rubella, and there is recent publication of a severe necrotizing variant in the setting of the novel coronavirus disease 2019 (COVID-19) \[[@CR76],[@CR77]\]. Both viral and bacterial vaccinations may precede the syndrome (Steiner 2015). CNS inflammation is thought to be related to massive immune system response against the inciting infection, rather than a manifestation of the infection itself \[[@CR75]\].

While infection can and should be treated appropriately, patients should be treated early and aggressively with high-dose intravenous methylprednisolone 20 to 30 mg/kg per day, or 1000 mg daily for 3 to 5 days with an oral steroid taper over the ensuing 4--6 weeks \[[@CR78],[@CR79]\]. For refractory cases, IVIG, 2 g/kg divided over 2 to 5 days should be considered and may be given concurrently with steroids. Particularly severe cases, e.g., AHLE or refractory ADEM, should also be treated with early plasma exchange, 5 to 7 treatment courses \[[@CR79]\]. Therapeutic hypothermia and decompressive craniectomy have been reported in the literature as techniques to manage severe edema \[[@CR80],[@CR81]\].

Immune Deficiency Associated Central Nervous System Inflammation {#Sec15}
================================================================

ADA2 Deficiency Vasculitis {#Sec16}
--------------------------

Mutation in the adenosine deaminase 2 (ADA2) gene encoding for adenosine deaminase 2 protein can manifest with a host of vasculitic and inflammatory features. The mutation was first described in a group of children with ischemic and/or hemorrhagic strokes in the setting of fevers, rash, hypogammaglobulinemia, and polyarteritis nodosa (PAN) \[[@CR82]\]. There are now over 60 mutations associated with highly variable age of onset and disease presentation \[[@CR83]•\]. Notably, a quarter of cases present before age 1 and three quarters before age 10, but adult onset is widely reported \[[@CR83]•\].

Fifty percent of patients suffer neurological involvement which overwhelmingly presents as small vessel ischemic stroke but may also include hemorrhagic stroke, cranial neuropathies and neuropathic pain \[[@CR83]•\]). Small and medium artery vasculitis manifests in skin, gastrointestinal tract, liver, kidney, and heart. Immunodeficiency as well as severe hematologic disorders, e.g., cytopenias, are common \[[@CR84]\].

Treatment with anti-TNFs is first-line therapy for the neurological disease prevention with the expectation of improvement in inflammatory disease and decreased pathological vascular change \[[@CR83]•\]. Importantly, the use of aspirin and other anticoagulants is *not* recommended given risk of hemorrhagic stroke. Systemically, for non-neurologic manifestations, other than treating fever, anti-TNFs are less effective and associated with increased opportunistic infections. Platelet disorders and neutropenia have been reported to improve with rituximab and immunoglobulin treatments \[[@CR83]•\].

If initial treatment fails, hematopoietic stem cell therapy (HSCT) has been shown to effectively cure various phenotypic manifestations of ADA2 deficiency in young patients \[[@CR84]--[@CR88]\]. Complications of HSCT include autoimmune disease, and it remains preferential to attempt a trial of treatment with anti-TNF therapy prior to proceeding with HSCT.

CVID-Associated Granulomatous Disease {#Sec17}
-------------------------------------

Paradoxically, primary immunodeficiency leads to overactivity of the immune system, resulting in autoimmune syndromes \[[@CR89]\]. Common variable immunodeficiency (CVID), one of the most common immunodeficiencies, is a group of disorders which manifests as primary hypogammaglobulinemia, IgG levels below 5 g/L with low IgA and/or IgM, recurrent infections, poor response to vaccination and propensity towards autoimmunity \[[@CR90],[@CR91]\].

CVID-associated CNS granulomatous disease can occur as isolated CNS disease or in conjunction with systemic granulomas, affecting women more than men, in children as young as 3 \[[@CR92]\]. Patients present with seizures, vision loss, weakness, nystagmus, ataxia, or nonspecific headaches or memory concerns. MRI may demonstrate discrete masses (70%), white matter lesions (10%), or leptomeningeal enhancement (10%) \[[@CR92]\]. Given the syndrome may radiographically and histologically mimic neurosarcoidosis, an evaluation of immunoglobulins is essential during workup as low IgG may lead to this less common diagnosis \[[@CR93]\]. Mechanistically, it has been proposed that granulomatous disease may be hastened by IVIG treatment \[[@CR92]\].

Regardless, IVIG and steroids are the first line for CNS granulomatous disease, but a host of other immunosuppressive agents and biologics have been reported in the literature with varying degrees of success including infliximab, methotrexate, cyclophosphamide, azathioprine rituximab, and cyclosporine \[[@CR92]\].

CTLA-4 Haploinsufficiency with Autoimmune Infiltration (CHAI) {#Sec18}
-------------------------------------------------------------

People with heterozygous germline mutations in the CTLA-4 gene, a negative regulator of the immune system, develop interstitial lung disease and fibrosis via lymphocytic infiltration which can also present in the intestines, liver, spleen, and lymph nodes \[[@CR94]•,[@CR95]\]. In the central nervous system, the disease manifests as lymphocytic infiltration into CNS parenchyma, cerebritis, causing injury through swelling and direct compression \[[@CR95],[@CR96]\]. The molecular function of CTLA-4 is thought to be regulation of T~regs~, and those with impaired CTLA-4 show lower circulating B cells and disrupted T and B cell homeostasis with T cell hyperactivation \[[@CR94]•,[@CR95],[@CR97]\].

While intravenous immunoglobulin therapy may decrease infectious respiratory complications, the lymphocytic infiltrative disease requires immunosuppression, a significant risk in this already immunocompromised population \[[@CR94]•\]. Corticosteroid use is the first line for CNS and systemic manifestations but may require high doses and repeated treatments with only variable success \[[@CR94]•,[@CR95],[@CR97]\]. Notably, steroid sparing agents in the literature include rituximab, cyclophosphamide, sirolimus, tacrolimus, mycophenolate mofetil, cyclosporine A, anti-TNFs, 6-mercaptopurine, and methotrexate. Single organ systems may respond to one treatment leaving refractory disease manifestations elsewhere, highlighting the severe refractory course of this disease.

Beyond typical immunosuppressive agents, vedolizumab, an α4β7 integrin blocker has been shown effective in a case of enterocolitis and severe disease has been treated with hematopoietic stem cell transplantation which may be curative but is high risk \[[@CR98],[@CR99]\]. Abatacept, a fusion protein of CTLA-4 and the Fc region of IgG1 is approved for treatment of rheumatoid arthritis and represents a rational therapy in this patient population \[[@CR100]\]. Two cases demonstrate good response of inflammatory choroiditis and autoimmune hemolytic anemia with GI symptoms in another \[[@CR101],[@CR102]\]. There is an ongoing trial in the USA to assess the safety and efficacy of abatacept for chronic cytopenias \[[@CR103]\] (Table [1](#Tab1){ref-type="table"}).Table 1Disease-modifying therapies: indications and dosingTherapiesIndicationsDosingRituximabSS, SLE, RA, AAV, IgG-4 RDInduction: 1 g IV days 1 and 15Maintenance: 1 g IV q6moCyclophosphamideSS, SLE, RA, NS, AAV, NBD500--1000 mg IV monthly for 3--6 monthsAzathioprineSLE, NBD, NS, AAV, IgG4-RD,Starting dose: 50 mg/day PO or SQ bidGoal titration: 2--3 mg/kg/day POMethotrexateRA, NS, AAV, IgG4-RD12--25 mg PO or IV q1wk*For AAV---*0.3 mg/kg/day POMycophenolate MofetilNBD, NS, AAV, IgG4-RD750--1500 mg PO bidInfliximabNBD, NS, ADA2 associated vasculitis*Most indications*---starting dose is 5 mg/kg IV*For RA---starting dose is* 3 mg/kg/day IVInduction: 0, 2, 6 wk.Maintenance: q8wk\*Dose can be increase to 8--10 mg/kg and maintenance interval can be decreased as needed to q6wkAdalimumabNS, NBD40 mg SQ q2wkTocilizumabNBD8 mg/kg IV q4wkAbataceptRA, CTLA-4 related infiltrative diseaseSQ dosingInduction:- Day 1: 125 mg SQ + 10 mg/kg IV- Day 8: 125 mg SQMaintenance: 125 mg SQ q1wkIV dosingInduction: 10 mg/kg IV on days 1, 15, 29Maintenance: 10 mg/kg IV q4wkNatalizumabICI associated AE300 mg IV q4wkImmunoglobulinSLE, CVID-associated granulomatous disease2 g/kg IV divided over 3--5 days (0.4--0.66 g/kg/day)HydroxychloroquineSLE5 mg/kg/day PO*AAV* ANCA-associated vasculitis, *ADA2* adenosine deaminase 2, *AE* autoimmune encephalitis, *CTLA-4* cytotoxic T lymphocyte antigen-4, *CVID* common variable immunodeficiency, *ICI* immune checkpoint inhibitor, *IgG-4 RD* IgG4-related disease, *NBD* Neuro-Behcet's disease, *NS* neurosarcoidosis, *RA* rheumatoid arthritis, *SLE* systemic lupus erythematosus, *SS* Sjogren's syndrome
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